Objective: The aim of this study was to determine whether neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) are associated with mortality risk in patients with hemodialysis (HD).
INTRODUCTION
Patients with chronic kidney disease (CKD) who undergo regular hemodialysis (HD) have a higher risk of mortality compared to the general population. Five-year survival rate in HD patients is mentioned at 35.8%, but this value is very different in each population [1] .
Neutrophil-to-lymphocyte ratio (NLR) had been studied in medical and surgical populations. It is a prognostic marker of morbidity and mortality for numerous conditions including cardiovascular disease (CVD), oncology, critical care medicine, liver disease, general surgery, and vascular surgery. It has been examined as a novel measure of inflammation in distinct populations and has been showed to have prognostic and predictive values, especially in those with systemic inflammation [2] . It was recently found to be associated with all-cause mortality in HD patients. Many patients with CKD have increased serum levels of inflammatory mediators including C-reactive protein (CRP), tumor necrosis factor-α, interleukin-6, and pentraxin-3. Monitoring CRP level is still not routine in many dialysis centers, other most of which are time consuming and expensive. The fact that NLR is simply calculated from easily available complete blood count makes it an interesting biomarker in assessing and detecting inflammatory conditions in dialysis patients [2] . Of note, very few studies have addressed the relationship between NLR and kidney disease progression in patients with CKD [3] .
The same with NLR, the platelet-to-lymphocyte ratio (PLR) has been introduced as a potential marker of inflammation in CVD and tumors which are also inflammation-related diseases. A positive association between a high PLR and a poor prognosis for these diseases has been reported [4] . However, just few studies had explored the prognostic effect and renal outcomes of the PLR in CKD patients with regular HD.
METHODS

Study design and data collection
We conducted a retrospective cohort study among regular HD patients at HD center in Wangaya Regional General Hospital. Data were collected from patients' medical records in June 2018 and followed up until May 2019. Baseline data that we collected from patients' medical records in June 2018 were identity, age, sex, platelet count, neutrophil count, and lymphocyte count. Then, we followed up whether the patient was still alive or not in May 2019. Patients who did not have complete data were excluded from this study.
Definition of NLR
NLR was calculated as the ratio of the neutrophils and lymphocytes that obtained from the same laboratory result in June 2018, we collected from patients' medical records.
Some studies used definite NLR cutoff points (e.g., NLR≥2.5, NLR≥2.7, NLR≥3, NLR≥4, and others used NLR≥5). In this study, patients' NLR was separated into two groups according to median value of NLR (NLR>2.84 and NLR≤2.84). 
Definition of PLR
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patients' medical records. In this study, patients' PLR was separated into two groups according to median value of PLR (PLR>10 and PLR≤10).
Data analysis
We performed analysis using SPSS 20.0. Descriptive statistics for categorical data were obtained using frequency distributions while for continuous data measures of central tendency and spread, based on normally distributed data, were used. Chi-square test was used for bivariate analysis. p<0.05 was considered statistically significant.
RESULTS
A total of 53 regular HD patients' data in Wangaya Regional General Hospital on June 2018 were collected. Among them, 67.9% of the patients were male and 32.1% were female, with a median age of 51 years old. The median NLR was 2.83 (2.27-3.82) and the median PLR was 10 (7.2-12.86). Baseline characteristics of all study participants are described in Table 1 .
After Table 2) .
DISCUSSION
This study aimed to find out whether there is a correlation between NLR and PLR values with 1-year mortality of patients undergoing HD.
In this study, we found a significant relationship between NLR with 1-year mortality of HD patients (p=0.047) and higher NLR (NLR>2.84) associated with higher risk of 1-year mortality (RR=3.36).
The main mechanism underlying the relationship between NLR and these poor outcomes was thought to be an increase in chronic inflammation in CKD patients that probably related to higher NLR. The study by Amdur et al. showed that elevated plasma level of various inflammatory biomarkers was associated with rapid loss of kidney function in patients with CKD [5] . Meanwhile, even a modest decrease in kidney function is also associated with increased risk for cardiovascular events and death [6] .
Yoshitomi et al., in their study, demonstrated that NLR was correlated with higher CRP levels, lower eGFR, and the presence of ischemic heart disease (IHD). These findings suggested that high NLR reflects chronic inflammation and poorer renal outcomes [3] . The presence of IHD also might be associated with poorer prognosis in CKD patients because CVD was known to be the most common causes of death in patients' with declined kidney function [7] .
In this study, we also obtained a significant correlation between PLR with 1-year mortality of HD patients (p=0.009). Mechanisms behind this was likely similar with what we assume underlie NLR and 1 year mortality relationship, with chronic inflammation become the main factor. This association was shown from several previous study findings that showed that high PLR is related to the presence of other conditions that had high inflammation process [8, 9] .
It has been suggested that the PLR could be a good marker of inflammation in the population with CKD [10] . Several studies also showed a positive relationship between PLR values and disease severity. In a study of 2563 patients, Velibey et al. demonstrated that increased PLR is independently associated with a greater risk of contrast-induced acute kidney injury (AKI) in patients undergoing primary percutaneous coronary intervention [11] . Although this study took samples from the AKI patients, both AKI and CKD are associated with local and systemic inflammation, so we thought its result still relevant with our study finding.
Zhou et al. in their study showed that PLR is independently associated with CAD severity and long-term major adverse CVD events. This might explain higher incidence of mortality in our patients with higher PLR [12] .
Several studies even showed that PLR has better predictive value for diagnosing inflammation than NLR in HD patients [13, 14] . This was in line with our findings that showed that PLR had a statistically more significant relationship to 1-year mortality than NLR (p=0.009 and p=0.047, respectively).
The median PLR value in this study is relatively small. This is probably due to the small number of samples, but we found that higher PLR value (PLR>10) associated with higher risk of 1-year mortality (RR=5.19).
In relation to the PLR, there are not enough data to define a definitive cutoff point. However, a recent study with over 100,000 patients on hemodialysis has established a J-Curve pattern for death: Values <100 and >300 would have higher mortality rates than those in the range of 100-150. The same result was found by Zheng et al. Their study found a U-shaped relationship between the PLR and 30-day and 90-day mortality, with both low and high PLRs were associated with increased all-cause mortality [4] .
The present study had some limitations. The study subjects were recruited in single regional hospital. Thus, the selection of patients was limited and the sample size was relatively small. A larger cohort study will be needed to avoid study bias.
CONCLUSION
NLR and PLR were significantly associated with 1-year mortality in patients with regular HD. 
